Abstract. The work described here is part of an ongoing research on the application of general-purpose inductive logic programming, logic representation of wrappers (L-wrappers) and XML technologies (including the XSLT transformation language) to information extraction from the Web. The L-wrappers methodology is based on a sound theoretical approach and has already proved its efficacy on a smaller scale, in the area of collecting product information. This paper proposes the use of L-wrappers for tuple extraction from HTML in the domain of e-tourism. It also describes a method for translating L-wrappers into XSLT and illustrates it with the example of a real-world travel agency Web site.
Introduction
E-tourism is a leading area in e-commerce, with an increasing number of travel agencies offering their services through online transaction brokers ( [12] ). They provide to human users information in areas like hotels, flights, trains or restaurants, in order to help them to plan their business or holiday trips. The travel information is heterogeneous and distributed, and there is a need to gather, search, integrate and filter it efficiently ( [8] ). Typically, this information is published by dynamically filling-in HTML templates with structured data taken from relational databases. Therefore, collecting information about travel resources and converting it to a form suitable for automated processing is an appropriate task for information extraction using machine learning ( [10] ). This paper approaches the problem of mining travel resources using logic wrappers (L-wrappers) ( [1] ). As shown in [2] , L-wrapper technology was successfully applied to extract tuples from Web pages written in HTML.
Note that the application of logic representations and machine learning to information extraction from the Web is not an entirely new field; several approaches and tool descriptions have already been proposed and published ( [5-7, 10, 11, 13, 16, 18] ). In our opinion, the advantage of our proposal is the use of the right tool for tackling a given task, i.e. for learning extraction rules it employs inductive logic programming (ILP) systems ( [15] ), and for performing the extraction it employs XSLT technology ( [4] ).
The rest of the paper is structured as follows. First, we give a short overview of L-wrapper theory. In section 3 we discuss an approach of translating L-wrappers into XSLT stylesheets. We outline a translation algorithm that is then demonstrated with the help of an example. In section 4 we present some experiments and discuss their results. Finally, we conclude the paper, outlining some future research directions.
L-Wrappers Background
Web pages (including those publishing travel information) can be regarded as semistructured data modeled as labeled ordered trees. A wrapper takes a labeled ordered tree and returns a subset of tuples of extracted nodes. L-wrappers use patterns defined as logic rules, which can be learned by using general-purpose ILP systems.
For our purposes, it is convenient to abstract labeled ordered trees as sets of nodes on which certain relations and functions are defined ( [1] ). Basically, we define two relations between tree nodes: the "parent-child" relation and the "next-sibling" linear ordering relation on the set of children of a node. Furthermore, a label is attached to each tree node, modeling a specific tag from a finite set of tag symbols Σ.
In this framework, a pattern is a labeled directed graph with arc labels specifying parent-child and next-sibling relationships and vertex labels specifying conditions such as first child ('f'), last child ('l'), a tag from Σ, or a combination thereof. A subset of the graph vertices is used for selecting the items for extraction (there is an extraction vertex for each attribute name in the relational representation of the information source).
According to the model-theoretic semantics of patterns ( [1] ), a labeled ordered tree is an interpretation domain for the patterns. Intuitively, patterns are matched against parts of a target labeled ordered tree. In order to have a successful matching, the labels of pattern vertices and arcs must be consistent with the corresponding relations and functions defined over tree nodes. The result of applying a pattern to a semi-structured information source is a set of extracted tuples. An extracted tuple is modeled as a function from attribute names to tree nodes, as in standard relational data modeling.
We propose a semi-automatic L-wrapper development process using ILP ( [2] ). During this process, two useful operations on patterns were defined ([1]): i) pattern simplification -the process of removing arcs in the pattern directed graph without changing the pattern semantics; more precisely we can shift one position right an arc labeled with 'c' in a pattern and we obtain an equivalent pattern. This operation is used to normalize patterns (i.e. bring patterns in a form in which the out-degree of every pattern vertex is at most 1); ii) pattern merging -the process of combining simpler patterns that share attributes into more complex patterns, that are capable to extract tuples of higher arity.
An L-wrapper can be defined as a set of patterns that share the set of attributes from the relation scheme of the information source. In this paper we restrict our attention to single-pattern L-wrappers that can be concisely defined in two steps: i) define the pattern graph together with arc labels that model parent-child and next-sibling relations and ii) extend this definition with vertex labels that model conditions on vertices, extraction vertices and assignment of extraction vertices to attributes.
Definition 1. (Pattern graph) Let W be a set denoting all vertices. A pattern graph
The set G of pattern graphs is defined inductively as follows: 
Translating L-Wrappers into XSLT Stylesheets
The process of information extraction from the Web can be structured into a sequence of stages ( [1, 2] ): page collection, pre-processing, manual information extraction, conversion to the input format of the learning program, learning, wrapper compilation, wrapper execution. This section addresses wrapper compilation, namely the translation of L-wrappers into XSLT. Actually, we will use a subset of XSLT, called XSLT 0 ( [3] ).
The output of the learning stage is a set of rules. Rules are first converted into graph-like descriptions as introduced by definitions 1 and 2. These graphs are further processed using pattern operations to produce the final graph description of the wrapper.
At this point we apply an algorithm for translating L-Wrappers into XSLT that exploits the graph-like definition of L-wrappers. The idea is to generate XSLT 0 templates for all the leaf and extraction vertices of the L-wrapper, moving upwards and downwards in the graph. The extracted information is passed between templates by means of template variables and parameters. Here is an informal description of this algorithm:
Step 1. Start from the document root and generate the start template, by moving downwards to one of the vertices in L ∪ U.
Step 2. Move from the current vertex (say w 0 ) to another vertex in L ∪ U (say w 1 ). The path taken depends on the type of the first vertex: if w 0 ∈ L then we move first upwards, to the common ascendent of w 0 and w 1 and then downwards to w 1 ; if w 0 L then we follow the direct descendent path to w 1 .
Step 3. Generate a template that will select the content of w 0 in case w 0 ∈ U.
Step 4. Repeat steps 2 and 3 until there are no more unvisited vertices in L ∪ U.
Step 5. Generate the final template, which will display the extracted tuples.
Experiments
We now demonstrate the use of L-wrappers to extract travel information from the Travelocity Web site (see [17] and figure 1 ). That Web page displays hotel information comprising the hotel name, address and description, the check-in and check-out dates, the types of rooms offered and the corresponding average nightly rate. Adopting the relational model, we associate to this resource the following set of attribute names related to hotels: {name, address, description, period, roomtype, price}.
Fig. 1. An XHTML document fragment and its graphic view
Because of the relatively large number of attributes, we used the pattern merging approach. This overcomes the difficulty of directly learning tuples with arity greater than 2 ( [2] ). The following pairs of attributes were chosen: {name, address}, {address, description}, {name, period}, {period, roomtype}, and {roomtype, price}.
Then we generated extraction rules for each pair of attributes by using the FOIL program ( [15] ), as described in [2] . The following 5 rules were generated: (NA = name, AD = address, DE = description, PE = period, RO = roomtype, and PR = price):
Next we merged these patterns into a single-pattern L-wrapper and then we translated it into XSLT 0 using the algorithm outlined in section 3. A set of 7 XSLT 0 templates was obtained (see For wrapper execution we can use any of the available XSLT transformation engines. In our experiments we have used Oxygen XML editor ( [14] ), a tool that incorporates some of these engines. The experimental results confirmed the efficacy of the approach: values 0.87 and 1 were recorded for precision and recall measures.
Conclusions and Future Work
This paper discusses the application of L-wrapper technology to information extraction from a travel agency Web site. The positive results of this experiment in the e-tourism domain account as a further proof for the generality of the approach. Also, the substantially more complex hierarchical structure of the selected Web pages and the relatively large number of extracted tuples support the scalability of the proposed technique. However, the hierarchical structure of information is lost by flattening during extraction. Addressing this issue is one of our future research directions. At the same time, as future theoretical work, we are interested in giving a formal proof of the correctness of the mapping of L-wrappers to XSLT.
